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(54) MANUFACTURE OF MASK 
(57)Abstract: 

PURPOSE: To suppress the deterioration of superposing 
precision by distortion error, and transfer a pattern with 
a high superposing precision by including a process for 
measuring the distortion error of an imaging optical 
system used, and a process for manufacturing a mask 
the mask pattern position of which is adjusted so as to 
correct the measured distortion error. 
CONSTITUTION: A process 1 for measuring the 
distortion error in the exposing chip of an intended 
exposing device is first performed. Then, a process 2 for 
manufacturing a mask the mask pattern position of 
which is corrected so as to compensate the 
displacement of transfer pattern position caused by the 
error by use of the resulting distortion error measured 
value is performed. Further, a process 3 for preliminarily 
predicting the distortion or predicting the distortion by 
calculation when the pattern preliminarily formed on a 
substrate is distorted in pattern position by wafer 
treatment process, and correcting the mask pattern 

position according to the pattern position distortion is performed. A process 4 for manufacturing 
a mask is then performed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By carrying out projection exposure on a substrate through image formation optical 
system, the mask pattern formed on the mask In the manufacture approach of a mask of using 
this mask pattern for the pattern formed on the above-mentioned substrate by the pattern 
imprint approach which carries out a superposition imprint So that the superposition error of the 
image formation location of the mask pattern projection image projected on the substrate 
through the above-mentioned image formation optical system and the pattern formed on the 
above-mentioned substrate may be made small The manufacture approach of the mask 
characterized by including the process which adjusts the location on the mask of the above- 
mentioned mask pattern so that pattern location distortion produced by the wafer treatment 
process of the pattern formed on the gap of a mask pattern projection image image formation 
location to a mask pattern location and the above-mentioned substrate may be amended. 
[Claim 2] By carrying out projection exposure on a substrate through image formation optical 
system, the mask pattern formed on the mask In the manufacture approach of a mask of using 
this mask pattern for the pattern formed on the above-mentioned substrate by the pattern 
imprint approach which carries out a superposition imprint So that the superposition error of the 
image formation location of the mask pattern projection image projected on the substrate 
through the above-mentioned image formation optical system and the pattern formed on the 
above-mentioned substrate may be made small By the wafer treatment process of the pattern 
formed on image formation location distortion and the above-mentioned substrate of the mask 
pattern projection image produced according to the distortion error of the above-mentioned 
image formation optical system The manufacture approach of the mask characterized by 
including the process which adjusts the location on the mask of the above-mentioned mask 
pattern so that pattern location distortion to produce may be amended. 

[Claim 3] By carrying out projection exposure on a substrate through image formation optical 
system, the mask pattern formed on the mask In the manufacture approach of a mask of using 
this mask pattern for the pattern formed on the above-mentioned substrate by the pattern 
imprint approach which carries out a superposition imprint So that the superposition error of the 
image formation location of the mask pattern projection image projected on the substrate 
through the above-mentioned image formation optical system and the pattern formed on the 
above-mentioned substrate may be made small The manufacture approach of the mask 
characterized by including the process which adjusts the location on the mask of the above- 
mentioned mask pattern so that the image formation location distortion of the mask pattern 
projection image produced according to the distortion error of the above-mentioned image 
formation optical system may be amended. 

[Claim 4] The mask manufacture approach characterized by to include the process which 
measures the distortion error of the image-formation optical system which uses this mask 
pattern in the mask pattern imprint approach which imprints on a substrate by carrying out the 
projection exposure of the mask pattern formed on the mask on a substrate through image- 
formation optical system, and the process which manufacture the mask which acljusted a mask 
pattern location so that the distortion error which acquired by this measurement may amend. 
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[Claim 5] The manufacture approach of the mask characterized by adjusting a mask pattern 
location to any 1 term using the value which interpolated and searched for the measurement 
result of the distortion error of said image formation optical system in the manufacture approach 
of the mask a publication among claim 1 **** claims 4. 

[Claim 6] The manufacture approach of the mask characterized by adjusting a mask pattern 
location to any 1 term using the value which interpolated and obtained the measurement result 
of the distortion error of said image formation optical system in the manufacture approach of the 
mask a publication using the spline function among claim 1 **** claims 4. 

[Claim 7] The mask manufactured using the manufacture approach of the mask a publication in 
any 1 term among claim 1 thru/or claim 6. 

[Claim 8] The manufacture approach of the solid-state component characterized by including 
the process which imprints on a substrate the mask pattern formed on this mask by carrying out 
projection exposure of the mask pattern which used the mask according to claim 7 and was 
formed on this mask on a substrate through the above-mentioned image formation optical 
system. 

[Claim 9] The solid-state component manufactured by the manufacture approach of a solid- 
state component according to claim 8. 



[Translation done.] 
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♦ NOTICES ♦ 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturing technology of the mask for 
exposure used for the detailed pattern formation in various solid-state components, such as a 
semiconductor device, a superconductor component, a magnetic-substance component, and an 
optical-integrated-circuit component. 
[0002] 

[Description of the Prior Art] Conventionally, the reduced-projection-exposure method which is 
mainly one of the optical lithography methods has been used for formation of the detailed 
pattern in solid-state components, such as a large-scale semiconductor integrated circuit. This 
approach is the approach of carrying out the contraction imprint of the mask pattern formed on 
the mask or the reticle (it is hereafter named a mask generically) on a substrate using image 
formation optical system. 

[0003] The substrate top minimum pattern dimension imprinted using the describing [ above ] 
reduced-projection-exposure method is made detailed below to 0.3 [mum] by 0.3-0.4 [mum] 
extent and 256[M bit] DRAM by for example, the 64-megabit dynamic random access memory 
(64[M bit] DRAM). In order to manufacture solid-state components, such as a semi-conductor, it 
is required to pile up two or more patterns with high precision, and to form them. Generally as 
for the superposition error at this time, it is needed that it is below a quadrant from 1/3 of the 
minimum processing dimension. Therefore, for high integration, superposition precision also 
needs to be highly-precise-ized with detailed-izing of the minimum processing dimension. 
[0004] As a key factor which affects superposition precision in an optical lithography method, 
there are aligner precision, mask precision, and wafer processes (wafer distortion, mark 
configuration degradation for alignment exposure, resist spreading unevenness, etc.). 
[0005] About a wafer process, there is wafer distortion by the superposition of the ingredient 
with which the distortion at the time of heat treatment differs from coefficient of thermal 
expansion, for example etc. among these. 

[0006] Moreover, recently about aligner precision, an aligner with which the engine performance 
below 60 [nm] of the amount of superposition gaps is obtained by an average of +3sigma(sigma is 
the standard deviation of superposition gap value distribution) is also announced, for example. 
[0007] However, the above-mentioned value is the engine performance at the time of carrying 
out superposition exposure with each aligner simple substance, and the superposition exposure 
precision between two or more projection aligners will deteriorate rather than this because of 
the difference between equipment. As a big cause of superposition precision degradation at this 
time, the error of the image formation optical system by the manufacture error is raised. 
[0008] As an error of the image formation optical system which affects superposition precision 
greatly, there is a distortion error (image formation property including a scale-factor error and 
the distortion aberration of a projection optics image). This appears as an error imprinted by the 
location displaced to the location as the mask pattern with which the location of the projection 
optics image projected on the substrate through image formation optical system should be 
imprinted essentially. 
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[0009] In each projection aligner, image formation optical system is adjusted so that a distortion 
error value may become small as much as possible and the amount of gaps from an ideal location 
may become smaller enough than the minimum pattern dimension imprinted using this equipment, 
for example, so that the amount of gaps may become below 50 [nm]. However, since it is 
impossible to make an error into zero, a distortion error will have the value of a different proper 
for every aligner. Moreover, it has the fixed inclination which distortion produced according to a 
wafer process also has in the flexible direction etc. 

[0010] Here, if the superposition error between some two projection aligners is estimated, even 
if the distortion error of each aligner is below 50 [nm], there is a possibility that it may be set to 
100 [nm] twice as many as an error as a superposition error between two aligners. Furthermore, 
the wafer distortion by the wafer process also becomes large with expansion of wafer size, and 
there is also a possibility that the superposition error more than several 10 [nm] may arise. 
Therefore, it turns out that the superposition error by the distortion error serves as a very big 
value to an above-mentioned superposition precision. 

[001 1] In order to stop the alignment error by the distortion error between such projection 
aligners, the method of using conventionally only the specific projection aligner which exists for 
every lot has been used. Moreover, there is also a method of processing the lot which searches 
for beforehand the combination of a projection aligner with which the superposition error by the 
distortion error is settled in tolerance as an option, and has used only the projection aligner in 
this combination. 

[0012] Moreover, as the amendment approach of the wafer distortion by the wafer process, 
telescopic motion of a chip array and telescopic motion of a chip size are specifically measured 
beforehand, or an aligner is used at the time of superposition exposure, these distortion is 
measured, and there are wafer distortion produced according to a wafer process and a method 
of amending these errors and carrying out a pattern imprint at the time of superposition 
exposure. 
[0013] 

[Problem(s) to be Solved by the Invention] For highly-precise-izing of superposition precision, it 
is desirable to make small wafer distortion by the distortion error and wafer process of image 
formation optical system as much as possible. However, it is impossible to make these into zero 
for a manufacture error etc. Usually, image formation optical system is adjusted so that it may 
fall within an allowed value range with the distortion error in the whole surface in the exposure 
field. It is called for that the allowed value range at this time is minute values, such as below a 
value [nm] smaller than the permission superposition error in the minimum pattern dimension and 
solid-state-component production process which are imprinted using this image formation 
optical system, 100 [ for example, ], or below 50 [nm]. 

[0014] The above-mentioned distortion error has the value of a proper for every projection 
aligner. For this reason, a possibility that only the part of the difference of the distortion error 
between each equipment may deteriorate has a superposition error in the exposure chip between 
two or more projection aligners. 

[001 5] For example, suppose 50 [nm] That it was to the sense opposite to the direction of an 
exposure chip core with 30 [nm] and another aligner in the direction of an exposure chip core in 
one aligner with the distortion error in a certain location in an exposure chip. 80 [nm] Even if the 
superposition error in other locations in an exposure chip is 0 [nm], an error will produce the 
superposition error between two aligners in this location. Thus, it turns out that there is a 
possibility that a distortion error may become the big factor of superposition precision 
degradation. Therefore, for the improvement in superposition precision, it is important to make 
the difference between equipment of a distortion error small. 

[0016] However, generally it is difficult to adjust only the distortion error of image formation 
optical system to arbitration. Then, the combination of an aligner with which the approach only 
using the specific aligner which is processing of one certain lot, or the superposition error by the 
difference of a distortion error becomes smaller is searched for. in processing of one certain lot, 
it combines and there is an approach only using an inner aligner searched for. 
[0017] By using these approaches, it is possible to suppress a superposition error smaller. 
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However, the inner number of aligners is inadequate, or it is also considered that it will combine 
if an actual equipment operating condition is taken into consideration, and there is no suitable 
combination. In such a case, there was a problem that did not produce delay of a component 
production process or a required superposition precision was no longer acquired. Moreover, since 
the projection aligner used for every lot was decided, a case as the exposure activity stopped 
according to the trouble of an aligner, when it had to stop having had to process two or more 
lots to coincidence and lot processing was delayed by the production process, the time amount 
which component manufacture takes increased and there was also a problem that a 
manufacturing cost will rise as a result. Moreover, when it was used, for example combining a 
projection aligner and electron-beam-lithography equipment, there was also a problem that 
superposition precision will deteriorate for the distortion error of a projection aligner. 
[0018] furthermore, the thing for which telescopic motion of a chip array controls the movement 
magnitude of a wafer stage about wafer distortion — X and method ** of Y — although 
amending using correction value different, respectively was possible, since only the scaleH^actor 
error of the whole chip could amend amendment of telescopic motion of a chip size, there was 
also a problem that where of amendment when an un-****3Mc wafer distortion has arisen, for 
example depending on the superposition-ed pattern cannot be performed. 
[0019] The purpose of this invention is to offer the technique which superposition precision 
degradation by the distortion error is suppressed, and it doubles in Takashige. and can imprint a 
pattern in precision. 

[0020] As new along [ said ] this invention a description as the other purposes will become clear 

by description and the accompanying drawing of this specification. 

[0021] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly 
explained among invention indicated in this application. 

[0022] The process which measures the distortion error of the image formation optical system 
which uses this mask pattern in the mask pattern imprint approach imprinted on a substrate 
when the above-mentioned problem carries out projection exposure of the mask pattern formed 
on the mask on a substrate through image formation optical system, By the mask manufacture 
approach including the process which manufactures the mask which adjusted the mask pattern 
location so that the distortion error acquired by this measurement might be amended It is solved 
by the mask manufacture approach which amends a mask pattern location using the value which 
interpolated and searched for the distortion error measurement result using the spline function 
as an approach of furthermore amending the above-mentioned distortion, using the value 
interpolated and acquired. 
[0023] 

[Function] As mentioned above, distortion and the distortion error of a substrate which imprint a 
pattern can become the big factor of superposition precision degradation. So. for the 
improvement in precision, it is important to make effect of these errors small. What is necessary 
is just to amend a mask pattern location beforehand so that a gap of an imprint pattern location 
may become small in order to suppress a gap of the imprint pattern location by the distortion 
error, moreover, the amount of non-line type distortion of the substrate which carries out the 
superposition imprint of the pattern — beforehand — or what is necessary is to measure just 
before superposition exposure, or to predict the amount of distortion of a substrate by count, 
and just to amend a mask pattern location further based on these results Since these enable it 
to stop smaller the amount of location gaps of the transferred pattern location on a substrate, 
and a mask pattern projection optics image, a superposition error can be smaller suppressed as a 
result. 

[0024] An example of a process which manufactures the mask which amended the mask pattern 
location is explained using drawin g 1 . First, the process 1 which measures the distortion error in 
the exposure chip of the target aligner is performed. Various approaches well-known as a 
measuring method of a distortion error can be used. 

[0025] For example, the substrate which applied the photopolymer is put on the precise 
substrate stage which has location measurement means, such as a laser interferometer, and the 
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criteria pattern image for measurement projected centering on the exposure field corresponding 
to the optical axis of image formation optical system is exposed in much measurement locations 
on the above-mentioned substrate by carrying out the stepping drive of the substrate stage. 
Next, one-shot exposure of many reference pattern images for measurement is carried out so 
that the measurement criteria pattern of each measurement location in that exposure field may 
be approached, and it asks for the relative position of the reference pattern for measurement to 
the criteria pattern location for measurement of each measurement location in the exposure field 
after a development, and there is the approach of making a difference a distortion error in this 
relative position. Or a measuring method which is described in JP,6-1 76999,A can also be used. 
[0026] Next, the process 2 which manufactures the mask which amended the mask pattern 
location so that the variation rate of the imprint pattern location produced according to the 
distortion error might be compensated using the distortion error measured value obtained by the 
above-mentioned measurement is performed. Here, it is impossible to measure a distortion error 
to all the locations in an exposure chip. Then, what is necessary is Just to use for amendment of 
the mask pattern location in parts other than distortion error point of measurement the value 
calculated from surrounding distortion error measured value. 

[0027] For example, what is necessary is just to amend a mask pattern location in the location 
during distortion error point of measurement, so that the value which interpolated and calculated 
measured value may be amended, although there are various approaches as the interpolation 
approach, for example, x and the y-axis are made in agreement with x on a substrate side, and 
the y-axis in three-dimension space, and distortion is with error x directions in the z-axis — it is 
— what is necessary is to consider y deflection error, to search for the curved surface or 
polyhedron side which passes the dispersed point of the three-dimension space which is 
measured value, and just to calculate the error value z over x of arbitration, and y value using 
this There is the approach of expressing as an approach of expressing the above-mentioned 
curved surface or a polyhedron side in a polyhedron side as shown, for example in drawing 2 . In 
21-1 to 21-9, in drawing, distortion error point of measurement and 22-1 to 22-9 displays x 
components of the distortion error measured value in each point of measurement in three 
dimensions. What is necessary is just to adjust a mask pattern location, using the z-coordinate 
value of the point 24 on the polyhedron side over a location 23 as an error value of this location, 
so that this error may be amended. 

[0028] The mask pattern made into the object of location amendment here The approach using 
the error value over the center position or center-of^gravity location of a mask pattern. As 
typically shown in drawing 14 , the mask pattern 41 is divided into a certain graphic form 42 and 
graphic form 42-1 to 42-5 of 42 or less unit graphic form magnitude which were decided. The 
center position 43 of each graphic form, 43-1 to 43-5. or the approach using the error value 
over a center-of-gravity location. The error value is indicated by the contour line using the error 
value calculated from the polyhedron side, and there is an approach using the average of the 
error value used as the boundary of a field as an error value of this field etc. in the field divided 
with the contour line. 

[0029] Or as typically shown, for example in drawing 13 , the direction of the z-axis is made into 
an error value to x and a y-coordinate. an error value is expressed in three dimension using the 
spline surface using a spline function, and there is also the approach of amending an error value 
using this. In 21-1 to 21-9, in drawing 13 . distortion error point of measurement and 22-1 to 22- 
9 displays x components of the distortion error measured value in each point of measurement in 
three dimensions. What is necessary is just to adjust a mask pattern location, using the z- 
coordinate value of the point 25 on the curved surface over a location 23 as an error value of 
this location, so that this error may be amended. 

[0030] Generally, the distortion error measurement result in the location of the arbitration within 
an exposure field side can be expressed with sufficient precision practical by interpolating 
measurement data using the 3rd spline function. Moreover, since the curved surface or 
polyhedron side which graduated the measurement error of a distortion error by using a spline 
function can be acquired, it is also possible to amend an error more smoothly. 
[0031] Here, an example of the amendment approach of a measurement result using a spline 
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function is explained briefly, the following — x component [ of a distortion error (Dx. Dy) ]: — 
although the amendment approach of Dx is explained, the same is said of y component:Dy. x 
component Dx (i, j) of a distortion error presupposes that it is given on the lattice point (xi, yi) (i= 
0, 1 and 2, IJ=0, 1 and 2, J) of the field in an exposure chip. Moreover, an exposure chip 
field presupposes that it defines as a=xO <=x<=xl=b and c=yO <=y<=yJ=d. It asks for the following 
spline function S (x y) which passes along measured value (m-1) at this time. Since measured 
value can fully be interpolated with the 3rd spline function practical and it can express, it will ask 
for the 3rd spline function here. It is the internal joint of x directions [0032] 
[Equation 1] 
«,<^< <«h 

[0033] It is the internal joint of the direction of y [0034] 
[Equation 2] 

n^<v^< <% <*2) 



[0035] It carries out. At this time, it is [0036] about x directions. 
[Equation 3] 
U1«h+m \ 



(&3) 



[0037] About the direction of y, it is [0038]. 

[Equation 4] 

J + 1 «k + m \ 



(ft4) 



yj-m< ^k< yj / 



[0039] 3Me****** — it assumes suddenly. Spline function S (x y) can be expressed using the 
basis function of a lot. This basis function can be built with the tensor product of a 1- 
dimensional basis function. In order to build a required basis function, it is a 2m piece addition 
joint [0040] to x directions. 
[Equation 5] 



(ftS) 



[0041] It is a 2m piece addition joint [0042] also like the direction of y. 
[Equation 6] 



} 



[0043] It introduces, respectively. Thereby, spline function S (x y) is [0044]. 
[Equation 7] 
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h+m k+m . 
S(x.y)-1 2C„Mm,(x)M„,(y) 

(»7) 

- I I C,jN™,(x)N„j(y) 

[0045] It can express. Here, Nmi (x) and Nmj (y) are [0046]. 
[Equation 8] 



Nml{y)-('71 - 7J-ni)Mf„|(y) J 



[0047] It is B-spline (or fundamental spline) of the m-th floor (m-1) (degree) which *5Mc5|c5Mc(ed) 

and was normalized, respectively. The value of B-spline is calculable with the following 

recurrence formula. 

[0048] 

[Equation 9] 

(x-gur)Mr-1J-lM-Kgi-x)M, .^,l(x) 
Mri(x}«- ' = (»9) 

f(fi-*|.l) (4|.iiX<^, ) 

r =s 2, 3, — . m 

[0049] 

[Equation 10] 

Mr|(y)» (atlO) 

Ml I (y) « ^ 

[0050] (Several 7) It is [0051] in order to become the interpolation function of measured value 
with which the formula was given. 
[Equation 1 1 ] 

turn k+m ^ 
1^ 2^C,jN„,(x3)N^j(y3) -Dx <«11) 

(r-0,i.-";l;8-o,l.-"J) 

[0052] What is necessary is just to become. (Several 11) Equations are simultaneous linear 
equations which make Cij an unknown, and have an unique solution according to the conditions 
of an equation (several 3), an equation (several 4), and an equation (several 5). It can ask for S (x 
y) by solving (several 11). 

[0053] What is necessary is just to make it count of the interpolation value Dxs in a certain 
location (Xs, Ys) be the following. First, the small field R containing (Xs, Ys), [0054] 
[Equation 12] 

1 (»12) 
9n 1 ye ^ 7 I J 

[0055] From the locality of B-spline [to 0056 [ then, ]] 
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[Equation 13] 

S(Xa .Vs ) « Jj "^^""^ ^^"^ ^ 

[0057] It is alike and interpolation value Dxs=S (Xs, Ys) can be found more. What is necessary is 
just to amend a mask pattern location using this value. 

[0058] Or a field may be classified for every fixed error value change which has used the 
distortion error measurement result, and the amount of amendments may be defined for every 
field, for example, it was typically shown in drawin g 3 — as — a core [ value / 0 / [nm] / error ] 
— distortion error 10[ — to the mask pattern in the field where a mask pattern field is classified 
into every nm], for example, an error becomes 25 [nm] from 15 [nm], what is necessary is just 
made to carry out -10 [nm] amendment of the mask pattern location In drawing 3 . it sets in 20 
[nm] angle chip as an example. Beyond the distortion error -5 [nm] the 1st field 61 of under +5 
[nm], and beyond the error +5 [nm] The 2nd field 62 of under +15 [nm], the following. The 3rd 
field 63 the 4th field 64 beyond the error +25 [nm] under +25 [nm] beyond the error +1 5 [nm] 
Under +35 [nm] More than the 5th field 65-15 [nm], the 6th field 66 expresses -15 [nm] under - 
5 [nm], and the 7th field 67 expresses the field of under -25 [nm] beyond the error -35 [nm] 
beyond the error -25 [nm]. In the 1st field 61, +10 [nm], +20 [nm], +30 [nm], -10 [nm], -20 [nm], 
and -30 [nm] are used for the error value in each field, respectively in 0 [nm], the 2nd field 62, 
the 3rd field 63, the 4th field 64. the 5th field 65. the 6th field 66, and the 7th field 67. What is 
necessary is just to amend a mask pattern location using this value. What is necessary is just to 
perform this approach to a x or y car component with error. 

[0059] Moreover, as typically shown in drawing 4 as the simpler amendment approach, the 1st 
amendment field 31 around point of measurement 33 may be set up, and the correction value in 
this field may amend a mask pattern location so that this may be compensated using the 
measured value in this point of measurement. In this case, since there is a possibility that mask 
pattern location correction value may change to discontinuity on the boundary of the 1 st 
amendment field 31 and the 2nd amendment field 32. there is a possibility that a mask pattern 
may become discontinuity in the mask after mask pattern location amendment. However, since 
the above-mentioned amount of gaps is a minute amount below the resolution limit of pattern 
drawing equipments, such as electron-beam-lithography equipment which draws a mask pattern 
below by several 10 [nm] at the time of mask manufacture, it can usually form the continuous 
mask pattern. 

[0060] By the way, a reduced-projection-exposure method is the approach of reducing and 
imprinting a mask pattern on a substrate. Although 5:1 is [ the mask pattern contraction ratio at 
this time ] in use as for current. 4:1 or 2.5:1 is used. Since the dimension on a mask becomes 
twice [ inverse number ] a mask pattern contraction ratio, in the case of the contraction ratio 
5:1. the dimension of the mask pattern for imprinting 0.4 [mum] patterns on a substrate is set to 
2.0 [mum], for example. A mask pattern location should just also make it carry out 150 [nm] 
migration of the mask pattern location on a mask to carry out 30 [nm] migration of the imprint 
pattern location on a wafer similarly. That is, it is possible to amend a mask pattern location by 
the ratio of a wafer top dimension twice [ inverse number ] the precision of contraction. 
[0061] Furthermore, when the pattern beforehand formed on the substrate which carries out the 
superposition imprint of the mask pattern has produced pattern location distortion by wafer 
treatment processes, such as a heat treatment process, the amount of distortion is measured 
beforehand or the amount of distortion is predicted by count. The process 3 ( drawing 1 ) which 
amends a mask pattern location further according to the above-mentioned pattern location 
distortion using the obtained result is performed. 

[0062] The process 4 ( drawin g 1 ) which amends a mask pattern location as stated above, and 
manufactures a mask is performed. Furthermore, the pattern imprint which amended the gap of 
the transferred pattern location by the variation rate of an imprint pattern location and wafer 
distortion depending on an aligner is attained by performing the process 5 ( drawin g 1 ) which 
uses combining the manufactured mask and said aligner and imprints a mask pattern. 
Consequently, a superposition error can be suppressed small. 
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[0063] It is desirable to manufacture a mask for every aligner and to use for a pattern imprint 
using the approach described above. However, it is not desirable from the point of cost to 
manufacture the mask for imprinting the same pattern for every aligner. Then, when the 
combination of an aligner small enough has the difference of a distortion error as compared with 
a superposition allowable error, it is also possible to share the mask whose number is one among 
these aligners. What is necessary is just to process the process 53 which for that manufactures 
the mask which amended the mask pattern location using the distortion error average value 
which was able to be found at the process 51 which searches for the combination of an aligner 
with which the difference of a distortion error is beforehand subsided in tolerance as shown in 
drawin g 5 , the process 52 which calculates the average value of the distortion error of the 
aligner which was able to be found according to the above-mentioned process 51 , and the 
process 52. Thus, by performing the process 54 which uses the manufactured mask within the 
combination of the above-mentioned aligner, and imprints a pattern, it is possible to suppress 
superposition precision to an allowed value. 

[0064] It is required for the pattern distortion by wafer distortion produced according to wafer 
processes, such as heat treatment, to also amend superposition precision, in order to improve 
further. What is necessary is to measure this deformation amount beforehand, or to predict 
wafer distortion beforehand by count, and just to amend a mask pattern location according to 
the deformation amount obtained at the time of mask manufacture, when wafer distortion has 
arisen according to the wafer process. 

[0065] By the way, there is an electron ray direct writing method as the lithography method for 
being put in practical use other than the optical lithography method. In the case of an electron- 
beam-lithography method, a pattern is drawn or imprinted according to migration of a substrate 
stage and the deviation of an electron ray to have carried the substrate. 4 of a drawing chip 
when carrying out superposition drawing on a substrate pattern — finishing — the location mark 
pattern for superposition drawing is arranged, these locations are detected, a drawing location is 
amended and a pattern is drawn. Therefore, supposing the superposition-ed pattern of a 
substrate is imprinted with the projection aligner and the mark pattern location [ finishing / 4 / 
for a distortion error ] is displacing, a drawing pattern location will also produce an error for a 
mark pattern position error. 

[0066] Although it is also possible to amend this error by the electron-beam-lithography 
equipment side, the error characteristics of each of each aligner and the correction value for 
every wafer lot must be inputted into electron-beam-lithography equipment. On the other hand, 
since the above-mentioned approach should just determine the combination of a mask and an 
aligner, its process is more simple. 
[0067] 

[Example] Hereafter, the example of this invention is explained. 

[0068] (Example of fruit ** 1) This example explains the circuit pattern processing process of 
the semi-conductor large-scale integrated circuit of the 256-megabit DRAM (dynamic random 
access memory) class of minimum design dimension 0.25[mum] chip size 20[mm] x20[mm]. 
[0069] In this example, the pattern imprint was carried out using the KrF excimer laser stepper 
(projection aligner) [the contraction ratio 5:1 and the exposure wavelength 248 [nm]] of NA=0.55. 

[0070] The measurement result of the distortion error within 20[nm] angle exposure chip of the 
1st KrF excimer laser stepper used by this example is typically shown in drawin g 6 . In this 
example, the distortion error in the lattice point of the five-line five trains in 20[nm] angle chip 
(5mm pitch) was measured. By a diagram, the sense and die length of a vector show typically the 
distortion error measured value in each lattice point location. Drawin g 7 shows the distortion 
error measurement result in each lattice point location. The number of a line and a train shows 
the number which counted each lattice point location from the upper left side of a chip. In wafer 
side top two-dimensional xy system of coordinates, the distortion error of +44 [nm] was 
measured in -10 [nm] and the direction of y in the x directions in the location 21 (location of eye 
an one-line train [ one train ]) in the exposure field as a result of measurement. 
[0071] The mask pattern location was amended using the above-mentioned distortion error 
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measurement result. For example, the -220 [nm] shift of the mask pattern location arranged at 
location 21' on the mask corresponding to a location 21 was made to carry out in the x 
directions in +50 [nm] and the direction of y. In the location during point of measurement of a 
distortion error, the mask pattern location was amended so that the error value which 
interpolated and calculated the distortion error measured value of adjoining point of 
measurement using the spline function might be amended. The mask pattern location was 
similarly amended about other locations, and the 1st mask was manufactured. 
[0072] The 1st circuit pattern was imprinted on the substrate which processed the 
predetermined process using the mask manufactured as mentioned above. After processing a 
predetermined circuit pattern processing process, the 2nd circuit pattern was imprinted using 
the 2nd stepper. 

[0073] The measurement result of the distortion error within 20[mm] angle exposure chip of the 
2nd KrF excimer laser stepper used by this example is typically shown in drawing 8 , In this 
example, the distortion error in the lattice point of the five-line five trains in 20[mm] angle chip 
(5 [mm] pitches) was measured. By a diagram, the sense and die length of a vector show 
typically the distortion error value in each lattice point location. 

[0074] Drawing 9 shows the distortion error measurement result in each lattice point location. 
The number of a line and a train shows the number which counted each lattice point location 
from the upper left side of a chip. 

[0075] In wafer side top two-dimensional xy system of coordinates, the distortion error of -22 
[nm] was measured in -34 [nm] and the direction of y in the x directions in the location 31 
(location of eye a three-line train [ one train ]) in the exposure field as a result of measurement. 
[0076] The mask pattern location was amended using the above measurement result. For 
example, the -110 [nm] shift of the mask pattern location arranged at location 31' on the mask 
corresponding to a location 31 was made to carry out in the x directions in +170 [nm] and the 
direction of y. Moreover, it amended like [ locations / other / mask pattern ] the 1 st mask, and 
the 2nd mask was manufactured. 

[0077] The 2nd circuit pattern was piled up and imprinted on the 1st circuit pattern using the 
mask manufactured as mentioned above. As a result of inspecting the imprinted pattern using a 
scanning electron microscope, the superposition error of the 1 st circuit pattern and the 2nd 
circuit pattern is below the desired superposition error tolerance 100 [nm], and was able to 
imprint the 2nd circuit pattern in a good superposition precision. 

[0078] A part of cross-section structures of the MOS transistor section which are some large- 
scale integrated circuits manufactured by this example are typically shown in drawing 16 . The 
1st mask imprinted by this example was used at the process which forms the isolation pattern 
71, and the 2nd mask was used at the process which forms the gate wiring pattern 72. 
[0079] By carrying out a pattern imprint as mentioned above, the pattern arrangement error by 
the distortion error can be suppressed. It is possible for this to suppress a superposition error 
smaller. Therefore, the production process yield of a solid-state component can be raised. 
[0080] Furthermore, since a superposition error can be made small and dispersion in the 
component property resulting from a superposition gap can also be suppressed, while raising the 
production process yield, manufacture of a highly efficient solid-state component is also 
possible. 

[0081] In addition, for 70, as for an insulator layer and 74, in drawing 16 , a substrate and 73 are 
[ a source field and 75 ] drain fields. 

[0082] (Example of fruit ♦* 2) This example explains the circuit pattern processing process of 
the large-scale integrated circuit of the 256-megabit DRAM (dynamic random access memory) 
class of minimum design dimension 0.25[mum] chip size 20[mm] x20[mm]. 
[0083] In this example, the 1 st same circuit pattern as an example 1 was imprinted on the 
substrate which processed the predetermined process using the krF excimer laser stepper 
(projection aligner) [the contraction ratio 5:1 and the exposure wavelength 248 [nm]] of NA=0.55. 

[0084] The distortion error within 20[mm] angle exposure chip of the KrF excimer laser stepper 
used by this example was measured. In this example, the distortion error in the lattice point of 
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the five-line five trains in 20[mm] angle chip (5 [mm] pitches) as well as the 1st example was 
measured. 

[0085] The difference of the above-mentioned measurement result and the distortion error 
measurement result of the KrF excimer laser stepper used in the example 1 is shown in drawin g 
10 . The difference of the distortion error of the stepper used by this example from the 
measurement result and the 1 st stepper used in the 1 st example was less than *3|c30 [nm], and 
was 1/3 or less [ of the permission superposition error 100 [nm] ]. So, in this example, the 1st 
circuit pattern was imprinted using the 1st mask manufactured in the 1st example. 
[0086] As a result of inspecting the imprinted pattern using a scanning electron microscope, the 
superposition error of the 1st circuit pattern and the substrate pattern currently formed at the 
process before it is below the desired superposition error tolerance 100 [nm], and was able to 
imprint the 1st circuit pattern in a good superposition precision. 

[0087] (Example of fruit ** 3) This example explains the circuit pattern processing process of 
the large-scale integrated circuit of the 256-megabit DRAM (dynamic random access memory) 
class of minimum design dimension 0.25[mum] chip size 20[mm] x20[mm]. 

[0088] In this example, the mask for the 1 st circuit pattern imprint used like an example 1 by the 
KrF excimer laser stepper (projection aligner) [the contraction ratio 5:1 and the exposure 
wavelength 248 [nm]] of NA=0.55 was manufactured. The 1st circuit pattern was imprinted on 
the substrate which processed the predetermined process using the mask and the above- 
mentioned stepper which were manufactured. After processing a predetermined circuit pattern 
processing process, the 2nd circuit pattern was imprinted using the 2nd stepper. 
[0089] In this example, the 2nd circuit pattern was imprinted using the 2nd same KrF excimer 
laser stepper as an example 1. Drawing 9 shows the distortion error measurement result in each 
lattice point location. The number of a line and a train shows the number which counted each 
lattice point location from the upper left side of a chip. 

[0090] In wafer side top two-dimensional xy system of coordinates, the distortion error of -22 
[nm] was measured in -34 [nm] and the direction of y in the x directions in the location 31 
(location of eye a three-line train [ one train ]) in the exposure field as a result of measurement. 
[0091] The mask pattern location was amended using the above measurement result. For 
example, the -110 [nm] shift of the mask pattern location arranged at location 31' on the mask 
corresponding to a location 31 was made to carry out in the x directions in +170 [nm] and the 
direction of y. Moreover, it amended like [ locations / other / mask pattern ] the 1st mask, and 
the 2nd mask was manufactured. 

[0092] The 2nd circuit pattern was piled up and imprinted on the 1 st circuit pattern using the 
mask manufactured as mentioned above. As a result of inspecting the imprinted pattern using a 
scanning electron microscope, since the substrate was distorted, it turned out that the 
superposition error as shown in drawing 15 has arisen. An axis of ordinate expresses the amount 
of superposition gaps for the location on the x axis of xy system of coordinates where the axis 
of abscissa of drawing made the chip core the zero, and the measurement result of one certain 
imprint chip on a substrate is shown. Moreover, the dotted line in drawing expresses the average 
of the amount measured value of superposition gaps in this chip. The average of the amount of 
superposition gaps differed in the chip except having illustrated in -70 [nm] to +43 [nm]. A 
measurement result shows that the superposition gap value below the desired superposition 
tolerance^SO [nm] is not acquired. Moreover, since the amount of superposition gaps by 
substrate distortion was large as compared with 20 [nm] extent and superposition gap tolerance 
as shown in drawing 15 , we decided to amend the mask pattern location of the 2nd mask further 
using a superposition error measurement result. That is, the mask pattern location amended 
using the distortion error measurement result was further amended so that the superposition 
error shown in drawing 15 might be amended. The 2nd mask for the 2nd circuit pattern imprint 
was again manufactured using the mask pattern data which amended the pattern location as 
mentioned above. 

[0093] The superposition imprint of the 2nd circuit pattern was carried out on the 1st circuit 
pattern using the mask manufactured as mentioned above. As a result of inspecting the 
imprinted pattern using a scanning electron microscope, the superposition error of the 1 st circuit 
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pattern and the 2nd circuit pattern is below the desired superposition error tolerance**80 [nm], 
and was able to imprint the 2nd circuit pattern in a good superposition precision. 
[0094] By carrying out a pattern imprint as mentioned above, a distortion error and the pattern 
arrangement error by substrate distortion can be suppressed. It is possible for this to suppress a 
superposition error smaller. Therefore, the production process yield of a solid-state component 
can be raised. 

[0095] Furthermore, since a superposition error can be made small and dispersion in the 
component property resulting from a superposition gap can also be suppressed, while raising the 
production process yield, manufacture of a highly efficient solid-state component is also 
possible. 

[0096] (Example of fruit ** 4) This example explains the circuit pattern processing process of 
the large-scale integrated circuit of the 64-megabit DRAM (dynamic random access memory) 
class of minimum design dimension 0.3[mum] chip size 20[mm] x20[mm]. 

[0097] In this example, the 1st circuit pattern was imprinted on the substrate which processed 
the predetermined process using i line stepper (projection aligner) [the contraction ratio 5:1 and 
the exposure wavelength 365 [nm]] of NA=0.63. 

[0098] The measurement result of the distortion error within 20[mm] angle exposure chip of i 
line aligner used by this example is shown in drawing 1 1 . In this example, the distortion error in 
the lattice point of the five-line five trains in 20mm angle chip (5 [mm] pitches) was measured. 
[0099] The mask pattern location was amended using the above measurement result, and the 
mask was manufactured. The 1st circuit pattern was imprinted using the manufactured mask. 
[0100] After processing a predetermined circuit pattern processing process, the 2nd circuit 
pattern was imprinted this time using electron ray direct writing equipment. When superposition 
drawing is carried out, the arrangement location of the used location mark pattern is typically 
shown in drawing 12 . The mark pattern 1 1 for superposition drawing has been arranged in four 
corners of a chip 10. This mark pattern is formed in coincidence at the time of circuit pattern 
processing of the above 1 st. 

[0101] The 2nd circuit pattern was drawn and imprinted, having detected the above-mentioned 
location mark pattern and amending a pattern drawing location. After the pattern imprint, when 
the superposition error of the 1st circuit pattern and the 2nd circuit pattern was measured using 
the scanning electron ray microscope, the part to which the superposition error is larger than 
1 00 [nm] was not seen. That is. the superposition error of two patterns is below 1 00 [nm] of 
superposition error tolerance, and a desired superposition precision was attained. 
[0102] Since a pattern predetermined in a desired superposition precision is processible by 
manufacturing a large-scale-integrated-circuit component as it stated above, it is possible to 
manufacture a component by the high yield. 

[0103] (Example of fruit *♦ 5) This example measured the distortion error as well as an example 
1 , and searched for the distortion error of the x and the direction of y in the location of the 
arbitration in a pattern imprint field according to the spline surface using the spline function from 
the measurement result, the value which this calculated — error value 10[ — it divided into the 
field of every nm], and the mask pattern location was amended so that an error amount might be 
amended for each field. In addition, although the amount of error value changes at the time of 
dividing a field is not restricted to 10 [nm], if the amendment precision of a mask pattern 
location is taken into consideration, it must carry out at least to below the need superposition 
precision in a solid-state-component production process. 

[0104] The amendment approach of the mask pattern location in this example is explained using 
drawing 3 . Although x components of a distortion error value were expressed with drawin g 3 . it 
can express similarly about y component. In drawin g 3 , more than -5 [nm], as for the field of 
under 5 [nm], and a field 62, a distortion error value expresses the field of under or more 5 15 
[nm], and the following field 63. and, as for the field 61 on a mask, the distortion error value 
expresses the field of under or more 1 5 25 [nm] and under or more 25 35 [nm], respectively, as 
for the field 64. Similarly, in the field 67, the field 66 expresses the field of under or more [ - ] 35 
-25 [nm] under or more [ - ] 25 -15 [nm] under 65 to 15 or more field -5 [nm]. In addition, in the 
aligner used by this example, x components of the distortion error in an exposure field were 
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under **35 [nm], 

[0105] Then, when carrying out mask pattern drawing of the inside of a field 61 at the time of 
mask manufacture, amendment of a mask pattern location was not performed to the x direction 
components. Moreover, when the inside of a field 62 was drawn. -10[nm] drawing location was 
amended to the x direction components. The mask pattern drawing location was amended so 
that the mean value of the distortion error range of each field might be similarly amended about 
other fields. In addition, it amended similarly to the direction component of y. 
[0106] The 1st circuit pattern was imprinted on the substrate which processed the 
predetermined process using the mask manufactured as mentioned above. After processing a 
predetermined circuit pattern processing process, the 2nd circuit pattern was imprinted this time 
using electron ray direct writing equipment. When superposition drawing was carried out, the 
arrangement location of the used location mark pattern was made into the location typically 
shown in drawin g 12 like the example 3. Moreover, the mark pattern 1 1 for superposition drawing 
has been arranged in four corners of a chip 10. This mark pattern 1 1 is formed in coincidence at 
the time of circuit pattern processing of the above 1st. 

[0107] The 2nd circuit pattern was drawn and imprinted, having detected the above-mentioned 
location mark pattern and amending a pattern drawing location. After the pattern imprint, when 
the superposition error of the 1st circuit pattern and the 2nd circuit pattern was measured using 
the scanning electron ray microscope, the part to which the superposition error is larger than 
100 [nm] was not seen. That is, the superposition error of two patterns is below 100 [nm] of 
superposition error tolerance, and a desired superposition precision was attained. 
[0108] Since a pattern predetermined in a desired superposition precision is processible by 
manufacturing a large-scale-integrated-circuit component as it stated above, it is possible to 
manufacture a component by the high yield. 

[0109] (Example of fruit ** 6) This example explains the circuit pattern processing process of 
the large-scale integrated circuit of the 256-megabit DRAM (dynamic random access memory) 
class of minimum design dimension 0.25[mum] chip size 20[mm] x20[mm]. 

[01 10] In this example, the 1st circuit pattern was imprinted on the substrate which processed 
the predetermined process using the KrF excimer laser stepper (projection aligner) [the 
contraction ratio 5:1 and the exposure wavelength 248 [nm]] of NA=0.55. After processing a 
predetermined circuit pattern processing process, the 2nd stepper was used and the 2nd circuit 
pattern was imprinted. 

[01 1 1] In this example, the 2nd circuit pattern was imprinted using the 2nd same KrF excimer 
laser stepper as an example 1 . Drawing 9 shows the distortion error measurement result in each 
lattice point location. The number of ****** shows the number which counted each lattice point 
location from the upper left side of a chip. In wafer side top two-dimensional xy system of 
coordinates, the distortion error of -22 [nm] was measured in -34 [nm] and the direction of y in 
the X directions in the location 31 (location of eye a 3Hine train [ one train ]) in the exposure 
field as a result of measurement. 

[01 12] On the other hand, a prior examination showed that the location of the circuit pattern 
formed on the substrate was intricately distorted within a chip as shown in drawin g 1 7 by the 
component production process. Here, the axis of abscissa of the graph of drawing 17 makes a 
chip core a zero, and expresses the location on the y-axis when taking two-dimensional xy 
system of coordinates in the direction parallel each side of a chip. Moreover, the axis of ordinate 
expresses the amount of gaps of this circuit pattern location by the component production 
process fi^om the resist pattern location imprinted in order to process a circuit pattern. Drawing 
expresses the case where the circuit pattern into which the ingredient which produces wafer 
distortion in the 15 [mm] angular domain 82 in the chip 81 of 20 [mm] angles was processed is 
arranged. 

[01 13] Drawing 18 makes the center position of a field 82 in agreement with the center position 
of a chip 81, arranges it, and expresses the degree of shrinkage (rate of chip scale^actor 
modification) of the chip dimension of 20[mm] angle chip 81 when changing the dimension of a 
field 82 from 0 [mm] angles to 20 [mm] angles. The axis of abscissa of drawing expresses the 
dimension of a field 82. Here, the above-mentioned circuit patterns in a field 82 were periodic 
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Rhine and a tooth-space pattern, and same circuit pattern to x directions. As shown in drawin g 
18 , it also turned out that the difference of the degree of shrinkage of a chip 81 has arisen the a 
maximum of 0.5 [ppm] grade in x directions and the direction of y. 

[01 14] In this example, since the size of a field 82 was 15 [mm] angles, the chip scale^actor 
error of x directions amended the chip dimension of a mask pattern noting that the chip scale- 
factor error of -0.6 [ppm] and the direction of y 0.9 [ -] [ppm] Arose. In addition, a degree of 
shrinkage -0.6 [ppm] corresponds to the contraction of about 1 1 [nm] to the chip top dimension 
18 [mm]. . Since it changed within the chip of a pattern location as furthermore shown in drawing 
17 , the circuit pattern location on a mask was amended so that this location gap might be 
amended. Furthermore, mask pattern data were 5MaMc3Mc(ed) to *♦ like the example 1 so that an 
above-mentioned distortion error might be amended. 

[01 15] The 2nd mask for the 2nd circuit pattern imprint was manufactured using the mask 
pattern data amended as mentioned above. 

[01 16] The superposition imprint of the 2nd circuit pattern was carried out on the 1st circuit 
pattern using the manufactured mask. As a result of inspecting the imprinted pattern using a 
scanning electron microscope, the superposition error of the 1st circuit pattern and the 2nd 
circuit pattern is below the desired superposition error tolerance**80 [nm], and was able to 
imprint the 2nd circuit pattern in a good superposition precision. 

[01 17] By carrying out a pattern imprint as mentioned above, a distortion error and the pattern 
arrangement error by substrate distortion can be suppressed. It is possible for this to suppress a 
superposition error smaller. Therefore, the production process yield of a solid-state component 
can be raised. 

[0118] Furthermore, since a superposition error can be made small and dispersion in the 
component property resulting from a superposition gap can also be suppressed, while raising the 
production process yield, manufacture of a highly efficient solid-state component is also 
possible. 

[0119] In addition, the example of the configuration of the stepper (projection aligner) used in the 
example of this invention is shown in drawing 19 . 

[0120] As shown in drawing 19 , the light emitted from the light source 131 illuminates a mask 
136 through the fly eye lens 132, a condensing lens 133. a mirror 134, and a condensing lens 133. 
On the mask 136, the pellicle 137 for preventing the poor pattern imprint by foreign matter 
adhesion is formed. The mask pattern drawn on the mask 136 is projected through the projection 
lens 1 38 on the wafer 1 39 which is a sample substrate. In addition, a mask 1 36 is laid on the 
mask stage 148 controlled by the mask position control means 147, and, as for the core and 
optical axis of the projection lens 1 38, alignment is made correctly. Vacuum adsorption of the 
wafer 139 is carried out on the sample base 140. The sample base 140 is laid on movable Z stage 
141. the direction of an optical axis, i.e., the Z direction, Oengthwise direction) of the projection 
lens 138, and is further carried on X-Y stage 142. Since Z stage 141 and X-Y stage 142 are 
driven by each driving means 113 and 114 according to the control instruction from the main 
control system 149. they are movable in a desired exposure location. As a location of the mirror 
146 fixed to Z stage 141, it acts as the monitor of the location correctly with the laser measuring 
machine 145. Moreover, the surface location of a wafer 139 is measured with the focal location 
detection means which the usual aligner has. The front face of a wafer 1 39 can always be made 
in agreement with the image formation side of the projection lens 138 by making Z stage 141 
drive according to a measurement result. 

[0121] As mentioned above, although invention made by this invention person was concretely 
explained based on the above-mentioned example, as for this invention, it is needless to say for 
it to be able to change variously in the range which is not limited to the above-mentioned 
example and does not deviate from the summary. 
[0122] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing 
among invention indicated in this application is explained briefly. 

[0123] Above, according to this invention, superposition precision degradation by the distortion 
error can be suppressed, it can double in Takashige, and a pattern can be imprinted in precision. 
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* NOTICES * 

JPO and NCI Pi are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is process drawing showing the mask production process by this invention. 
[ Drawing 2 ] It is the mimetic diagram showing the mask pattern amendment approach by this 
invention. 

[Drawing 3 ] It is the mimetic diagram showing the mask pattern amendment approach by this 
invention. 

[ Drawing 4 ] It is the mimetic diagram showing the mask pattern amendment approach by this 
invention. 

[ Drawing 5 ] It is process drawing showing the mask production process by this invention. 
[Drawing 6 ] The mimetic diagram showing the distortion error measurement result of the 1 st 
stepper in the example 1 of this invention. 

[Drawing 7] It is drawing showing the distortion error measurement result of the 1st stepper in 
the example 1 of this invention. 

[ Drawing 8] It is the mimetic diagram showing the distortion error measurement result of the 2nd 
stepper in an example 1 . 

[Drawing 9 ] It is drawing showing the distortion error measurement result of the 2nd stepper in 
the example 1 of this invention. 

[Drawing 10 ] It is drawing showing the measurement result of the difference of the distortion 
error of two sets of the steppers in the example 2 of this invention. 

[ Drawing 1 1] It is drawing showing the distortion error measurement result of the stepper in the 
example 3 of this invention. 

[Drawing 12 ] It is the mimetic diagram showing arrangement of the location mark pattern in the 
example 3 of this invention. 

[Drawing 13 ] It is the mimetic diagram showing the mask pattern amendment approach by this 
invention. 

[ Drawing 14 ] It is the mimetic diagram showing the mask pattern amendment approach by this 
invention. 

[ Drawing 15 ] It is drawing showing the superposition error measurement result measured in the 
example 3 of this invention. 

[Drawing 16 ] It is the mimetic diagram showing a part of cross-section structures of the MOS 
transistor section ****(ed) by the large-scale integrated circuit. 

[ Drawing 1 7 ] It is the mimetic diagram showing the amount of pattern location gaps of the circuit 
pattern formed on the substrate. 

[ Drawing 18 ] It is the mimetic diagram showing the flexible rate of change of the two-dimensional 
direction of the chip formed on the substrate. 

[ Drawin g 19 ] It is the outline block diagram showing the example of the configuration of the 
stepper used in the example of this invention. 
[Description of Notations] 

1 — The process, 2 which measure a distortion error — The process which amends a mask 
pattern location using the above-mentioned result, 3 — The process which amends a mask 
pattern location according to the pattern location distortion on a substrate, 4 — The process, 5 
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which manufacture a mask — The process. 10 which imprint a mask pattern — Chip. 11 — A 
location mark. 21-1. 21-2. 21-3, 21-4, 21-5. 21-6. 21-7. 21-8. 21-9, 22-1, 22-2. 22-3, 22-4, 22- 
5, 22-6. 22-7. 22-8. 22-9 — Measured value. 23 — Pattern location. 24 25 — An error value, 31 
— The 1 st amendment field, 32 — The 2nd amendment field. 33 [ — Graphic form. ] — Point of 
measurement. 41 — A mask pattern. 42 — A graphic form. 2-1, 42-2. 42-3. 42-4. 42-5 The 
center position of 43 — graphic forms, 43-1, 43-2, 43-3. 43-4, 43-5 : The center position of a 
graphic form, 51 — The process, 52 which search for the combination of an aligner — The 
process which asks for the average of the distortion error of the above-mentioned aligner group, 
53 — The process, 54 which manufacture the mask which amended the mask pattern location — 
The process which carries out a pattern imprint using the manufactured mask, 60 [ — The 3rd 
field, ] — A chip, 61 — The 1st field, 62 — The 2nd field, 63 
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* NOTICES ♦ 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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0i|;l«iBg/hH:5 : 1 <D«^, S«±JrO. 4 [m 
m] /1^>S:K^-r-5fc»?)OVX^>'1^>0^>*«2. 
0 [Mm] tfJ^. VXi^/l^XigfclBHttc. -^XA 
±CDg^A:5'>fi:®^3 0 [nm] ^i!)$1i--5(C«-7X 

d7jitfvx^/i^'>fi:e* 1 5 0 [nm] ©ffts-a-nfi 
[0 0 6 1] $e.ic. ■7x^/'?^i'>*sta-&t>-B:e¥-r 

3 mD^fffi^. 

[0 0 6 2] ^±Tj£E^fcJ:^JCLTVXi7A^>€iB 

■^XAH^-JC J:*«fE^/"?^' >^BO-rn* ttiEbfcA 
[0 0 6 3] £t±-eKg'^fc;&ft*ffliiT, sll7tgB« 

^)^^, -■ povxi72:cne.gg7ts^FBiT*w-r-5c: 
*e>*^i;je>x-i'x h-->3 >Ka«ii*^fF§®fflf^»c*3 

±tBlS5 1 tcJ:0^Sofc®7fe^®O7''i'X I — ->3 
>^McO¥l^ii*^i6-5Xa5 2, X@5 2T-**o;t 
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X'f X I — v'a >^M¥J^{i<&ffl^iT-v'X^A^'>{4g 

sffliEbfcTx^i&sajg-rsxgs 3, *5!is-rti«^ 

ti. CO«fc-5fcLTffijgLfc-7Xi'^±f2®3tgSoa 
*-^t)-a:|^1?fflViTA^' >^te¥-r*Xg 5 4 ^ff/j:5 

[0 0 6 4] miZ^t)'\im^^^'b\Z\MiL-t^tzl^\Z 

tt. ^5aa^o-?xA7'D-fex»cj:t)^i;Ac':7XAai»c 

10 •fexcj:0':?xA^*t^i;Ttifci^-&, cioiiasabe. 

i£*e.*^i;je)^a!jbT*3$. vx^S!3g»#ic#^n;fc3i 
a t^s vx i^A^' >tijra$iiiE bT^n«j; 

lUiK^-r^. TWi^y±.\zmi^'^t)'&mm-t^m 

20 firM'7-i7A5'>2;EHbT*3^, ;itl&®fi:B<&«IUl 
bT}aHfiH«:«iEbTA^'>*JSiS-r-5. SEoT. T 

T, x-rXl ->3 >M^cDitii6(C4-r*©-7-i7A^ 

©fc J6 »C«iH/1 a' >ti:B fc^M «r ^ UT b * 5 . 

[0 0 6 6] m^^fiiiii«SfillTClWKil(D«iE^fT;fe 

^•^XAD-y h«OttiEtt^«^^Jiiii^BCA;^bife 
itn«;fe^?4t^. cn»c^tbT, ±i2;&ffitt-7Xi7tg 
30 ^^BtO»*.^to1i:*ftJi)n«^t»WT, XS*tJ:0 

[0 0 6 7] 

[0 0 6 8] (H SS 1) *||ifi^Jtt. S/h^tf^ 
feO. 2 5 [/im] , ^<yyt>--fX2 0 [mm] X2 0 
[mm] <D2 S e M]\f.yhY)RAU{^'i')-5.vi;'y 

KA^' ymr.iLn\z-o^^xm.mr^. 

[0 0 6 9] *||;ffi0iJTtt. NA=0. 55©KrFX 
40 !fX5^-yA (gi^STtSB) [«g/hit5 : 

1« S^iSE«2 4 8 [nm] D SrfflV^TA^' >te¥b 

[0 0 7 0] *lliS«3JTffl Vifc^ 1 O K r F X=^ -> V U 
—■ »fX5^-;//X(D2 0 [nm] AS^^^y "T^WTOf^-r X 

2 0 [nm] :/rt© 5 fr 5 3nj( 5 mm 

t:-y5^)Ofe^.^TCDx-l'X h-->3 >^S5:ffli)^b 

(Dxt- X 1 — ->3 >^^iffl^M^««W»;*bTt^-g). 
50 0 7tt#t&?,^fil:aT-«)7''<X h-->3 >eilS!i^^m 
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:/®fe±fi!l*^e.SAfc#^*3^LTtia. fiasco 
-;1/Kf^cd&M2 1 (Iff i?>JB©fiM) JrijtiTx:;^ 

loJtC- 1 0 [nm] . y:3Er|fi|JC+ 4 4 [nm] Wx-f X 
[0 0 7 1] ±tHx^' X h-->3 >^MS!l5£^^«'fflt> 

^B*x:;&|fi]fC+ 5 0 [nm] , y*[PlfC- 2 2 0 [n 10 

m] v-7h^-&fco T^-f X h-->3 >K^<Diffl«.^PBm 

[0 0 7 2] W±®.t^{cLTSSjgUfcVXi'*fflV» 

e^Ufc. Rlf««|HlifS/1^'>lniXIg^5!lilbfc^. ^ 
20X5^>y/'^S:fflViTm20[5IgS/t:5'>S:te¥b;t. 20 
[0 0 7 3] *jlifi«»JTffl(/»fcm2«K r FX^^v'VU' 
-• tf7.T->>/1©2 0 [mm] MM^^y :f^X<D5^^ 7. 

2 0 [mm] ^15^ ^rt® 5ff 5 ( 5 [m 
m] br .y5^)<D»^.^T©5^-f Xh-->3>illlSriI)t 

[0 0 7 4] E9«&*&^.^<aBT05r-< 7. H-v-s > 

*&^.^^iB*5">i':/w£Jhfi!l36^6»Afc#^S^bT«ri 30 

[0 0 7 5] jUgOiSII, '^:xi/\m±2:^7cxymmmiz 

B)lc::fetiTx:;^|6](c- 3 4 [nm] , y;^(B]l'-2 2 
[nm] cox^Xl — z^3>m^i)m^-^tirc. 
[0 0 7 6] £t±CDS!|^i^||SfflHT^X^/^iS'>ffiB 

S-liiEUfc. 0iJx«fi:a3 1 icm-r?.-7X5'±®&B 

3 1' tcEB$nyc-7Xi'/t:S'>^g$:x:^l^fC+ 1 7 
0 [nm] . y:^f^iZ- 110 [nm] hSli-fc. 
^ft, flfi«-7Xi'/X^'>ffiBt-pHTt>^ 1 cDVXi7t 40 
HeilCffliEbT. m2c0VXi'5S3gbfc. 

[0 0 7 7] «±<D<t^tcLTKigU;f7X^^fflt,iT 
^ 2 <DI5]SS/t:5' >S-^ 1 ©iHlSSArS' >±tCfi*a'&t>-a-T 

^^bfc^Sm, ^1 WlHlg§/t^><t^2<DlH]gS/t5'>© 

fi*a-&*3-a-^ll«mM©a*a-&t)-i±^llflF$^H i o o 
[nm] £KTx-$>o. ^iifrj.mi3.-^t>itmm-vfH 2 

[0 0 7 8] *SliSfiajT§a3fibfc;*:^«affiIsI8§W-gf 
iJ-t?*i). MOS h7>>7X^'gBcD-g5i)-«)»rBWiS<£ 50 
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016 IC^^WfC^-r. **ffl«»JTte¥bfc^ 1 (DTX 

i7ttig^i^^/'?i'>7 1 sj^fie-rsxe-rfflti. 
m2W7Xi7tty-MHi^A4'>7 2 ^j^fsrsie-t? 

[0 0 7 9] U;±«J;5(;:LTA^>te^-r-5Cifc<k 

0, x-YXh->'3>KlltJ:2)A5'>EBKIi*«lA 

[0 0 8 01 ^f>\z. Sta^*3-e-K^*/jN*<-c€r-5:i 

[0 0 8 1] 13.^. 016 fC*5ViT. 7 0 7 3 

tt«fi<t]K. 7 4 ttV-X««. 7 5 « H U'f >ffi«T?* 

[0 0 8 2] (SI iS fiSJ 2) *SIJfi«s|«, S/hSSth^ 
mo. 2 5 [Mm] , ^ <y y-y-'f X 2 0 [mm] X2 0 
[mm] <02 5&^^\iyVT>RAU{^-i^S.yi7y 

>JDXXSt-r>tiTlft?«-r-5. 

[0 0 8 3] *SliS^JT«. NA=0. 55<DkrFX 

1. S^SiS2 4 8 [nm] ] ^fflViT*iS0iJ 1 tl^U 

^ 1 oiags/'^ij' >*R)f^«)x8*®3ibfca«±Ke^ 

[0 0 8 4] *ilJS0iJTffllifcK r FX+->^^— tfX 
7^-y/'?<D2 0 [mm] y T'rtTWx^' X I — v' 

mz2Q [mm] T^rt© 5ff 5^J(5 [mm] tf 

-;/5')(0*&^,^TCD5^^'Xh->'3>^M^»]^L;fc. 
[0 0 8 5] iteail^^;^^, *iS0iJlTffl</ifcK r F 

ii<*:0M*0i ofcs^T. ®i^iis^7i>6. i^%mm-Tzm 

®7*-<Xl — 1^3 >K^«)^«± 3 0 [nm] JilrtT. 
W^Mta^toltKM 1 0 0 [nm] O 3^J-0 HJiTTfe 

[0 0 8 6] «E^bfc/t^^>**3E^«?ffla^*ffll,i 
T-^SUfc^m^ HI <D|HlK/'<^>i:^n£^ffir«)XgT 

S*a^*5-li:KJIIf^^ffl 1 0 0 [nm] StT-Cfet). ^ 

[0 0 8 7] ifi 0ij 3) i^%mm\t. S/msw^ 

teO. 2 5 [Mm] . 5^<yyit'1'X2 0 [mm] X2 0 
[mm] <D2 5 6;>^;tffcr';/ hDRAM(3''f:f 5 >d75 
>^ATi7-feX>t^: U )ilS<7>:*:«^«g||5|KO|5igSA^' 
>J)nxx8tcotiTlftBj-rs. 
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[0 0 8 8] *JIJSCSJT«. mmmi i:mmiZLXNA 
= 0. 5 5©K r Fx4^->-7W— !fX5=-!y/t(ig:l^@3t 
^B) C^/Mt5 : 1. S7t&S2 4 8 [nm] ) Tffl 

CO 0 8 9] *j|ififi»|T«. JIJSfi»Jl tl^i;^20)Kr 
FX^fv'V U—^7.7-y/^=&m^^Xm 2 ©lElKA^' 10 

[0 0 9 0] aij^co^*. ■^XAH±2:;^:7E;xyJ^SJfi 

fi:g)fC*3tiTx5^|BlfC- 3 4 [nm] , y:*r|pJC-2 
2 [nm] — -> a >S^*ia'I^$nfc, 

[0 0 9 1] iy.±coigi|^jg*$fflViTvxi7/ti5'>fi:s 
■ 3 1' »ciB«^?nfcvxi7/i^'>€i«*x:;&(6)lc+ 1 

7 0 [nm] . y:&rfi](C- 110 [nm] v-^h^ti" 

[0 0 9 21 &.±<D^^\zLxmmi^rz-77.i/^m^'^x 

e^bfc. ^^vTz/^iS'y^^Mmm'^mwLm^m^^x 
m^vrzf^^, mm^m/uxutztztbizmi siz^^tz 

fig*, taa«s^a^t)-a-rn«s^L. »«±©$)^ 

-tl-rnfioqzi^tt«- 7 0 [nm] *^^ + 4 3 [nm] 

t>itw^mm±8o [nm] fiiTwfi^a^fc-e-rnffldi 

J;ofC«SSg(C.fc^fila^t)-B:-rn«tt2 0 [nm] g 

X. mt2'^ioi±mmm]^m^^m^^xm2<r)-7Xi7<D-7 
xi^n^y^m^-^^izmjE-r^^tizLfz. -rtit} 
mi 5\z^Lrzmi2^t>iimmi^miEr^^oiz. 

fi S IE b -7 X ^ /■< ^' > X - ^' ffl Til 2 ® lHl!S 

[0 0 9 31 «±cOJ:-5»CbTS3iibfc-7Xi?«:fflt>T 
^2<DI5l?S/t:5'>*^l (0|p]?S/'^^>±Jca*a^*5l3-S 
^bfc. ^g^bfc/'<^>^^^^®^S^!S^^£:ffl^iT«l 50 
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AVtzm^. mi©@SS/1:J'><i:m2CC»lH!S§/ti5'>(OS 
[nm] UTTSO. ^»^tS*a^*5-&SKTS 2 ©HI 
[0 0 9 4] m±<D.k'5lCbT/t3'>fe¥-r^C<i:ICj; 

m^m:^^:it^^x^^. :itnz^K>. Miz-^tyitmm 

[0 0 9 51 afe^*3-e-^^*/h$<-c#sj: 

afc^*D-tt-rti(ceHb7tm?-#i4©«e.-:3^ 

«)«Ix5C:i:diT'^-5(DT. iSifilg^S* 0 Sr|6l±$ 

[00961 (|gJS«»l4) *|ISB0iJ«. g/h^tt^ 
mo. 3 [xim] . 5^vy-9--rX2 0 [mm] X2 0 
[mm] «6 4^:^e-y hDRAM (:5^-f ^7 7 > 

[0 0 9 7] ^^MtSJTtt. NA= 0. 6 30 1^X5^ 
y/-^m^m^mm) Cffi/httS : 1. S^&g3 6 5 

[nm] ] =s:m^^xmi<Dmwt^>^m^(Dxnt:m 

abfc«te±tcig^bfe„ 

[0 0 9 8] :^mm&\xm^^tz i ^87^8^® 2 0 [m 
m] Amyt^y:f\HX(0^-< 7.] — ->a >^M©$iJ^«S 
IfC^T. **JSCs|Ttt, 2 0mmft5=- .y:/l*9 
©5fT55lJ(5 [mm] i^ y^XD^^^M.XOy'^ 7, h — 

3 >mmt:mmvrz, 

[0 0 9 9] ij;±(DiB|^iKm<&ffltiTTXi7/1^>'fij:M 
*«jEbTVXi'*S!3tbfc. MitbfcVXi/Sffl^iT 

^ 1 (D|5I?S/1iS' >*e^bfc. 

[0 10 01 R)f^(Disii^/t^>iraxxe*5!iabfc^, 

^S«m^^iES}Siiig®*fflViTm2 0IsI8SA^>* 
<g^bfc. «ta^t>-a-SIHbfc|8RlCfflVifcfiB^-i'/'« 

^y^mmifLm^mi 2\zm^mz^to afe^^^-a-ji 

liffi©-7— i/>'t^'> 1 1 ^r^'-y.T'l 0®4fPltc:SHSb 

ft. ::0-^-{/A^>\t±fi&mi(om^/'i^>itixmiz 
mm\zmsSi^tiftt<Dx$>^. 

[0 1 0 11 ±fefi:B-7-i7/1iS'>*^{fJbTA^'>« 

mitm^miEi.miibf^2ommA^>t:mm. g^b 
>t(Dmi3^t:>iimm^^Mmm.'f-mmmm'^m^^xm 

^bfcid^. S^a-&t)-ti-^S;^/M 0 0 [nm] ^K>^ 

^ <ri^x\>^^mmtM.^rLUt)^^rz. -rrno-^. 2-0 

©100 [nm] jJATTftO, Bfa©S<a^fe-fr««*t 
[0 10 2] iJl±Ta?-?^c:<fcp(CbT:^«^«ffl|5IgS5^ 
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(0 10 31 (m m m 5) ^^mma, mmrni t 

0 [nm] mo^mmz^mL.. ss^es^^ssmiet 

fJ-r-5I^OKa««^<ka«l 0 [nm] (cK^fcOT 

CO 1 0 4] **ifi0iJlC*3ttSVXi//t^'>(4M<OffiiE 

fix-rxl — ->3>KMffl*^-5 [nm] £t±5 [n 
m] *«I<D<S«E, 1S«6 2ttxwXh-->3>©lltl*i 
5«±15 [nm] *«I<D®1^, £;T<S«6 3. 1B«6 
4 «^n-?-*ni 5 Jil± 2 5 [nm] 2 5£t±3 5 

[nm] *«l<D®i®*^LTti^). ««6 5tt 

- 1 5£t±-5 [nm] ffl«6 6 «- 2 5£t±- 

1 5 [nm] ffl*^6 7 «- 3 5gA±- 2 5 [n 
m] *«<D®«?r^LTVi^, ;^£43. if^mmxm^^tz 

xj«^)-tt±3 5 [nm] *SST*ofc. 
[0 10 5] ^ilT. •TXi7Ki§^|cM^6 1 

■r5«-&> x*|pJj5R»t>l*UT- 1 0 [nm] JSBtt® 

[0 10 6] IH±(r)J:o\zLTmmLrz-77.i7^mi^ 
T. mi©!HlSS/'?^>*Blr^©xa^^2iSL/c«S±{c 

>cOEg^M«^JSfiSi3i:l^<iC01 2lC^S:WtC^b 
1 1 ^^.yT'l 0<04PPItCiB«Lfc. JKDV— i7A3'> 

1 iit±mf^i(D^^/^i'ymjim\zmm\z^^-^rLft 

[0 10 7] ±l2tiBV-^/'«^'>S-^tiiLTA^'>JS 

yiiomi3i'^t)^m&^^^mm^^mwL^^m^^xm 

mVfcizZ.^, miSi-^ioitm^ffi I 0 0 [nm] <fcO;*c 



18 



OlOO [nm] HkTX'&O. mm(D&i2^t>iimmiii 

[0 10 8] u±x-m-<rcj^o\zvx:kmmmm^^m 
f-^mmr^z-tiz^o. mmffymi^-kti^mmx-m^ 
<D/-<i^y^mj:-t^z.iii)ix^^rcit>. iisi'i^SSOT 

to 1 0 9] m m m 6) ^mrnmit. s/Msif^ 

mo. 2 5 Ittm] . ^ y ■:fl}-'i X 2 0 [mm] X2 0 
[mm] ©2 5 6^:tf b*-> hDRAM(y-f :h= yi'^ 

[0 1 1 0] *lliS«9J-C«. NA=0. 5 5 OK r FX 
1. 83t8?S2 4 8 [nm] ) ^ffll^T^ 1 OIhIK/^^' 

><£^soxs^^^lSbfc»«±^cG^bfc„ s^f^oiHi 

K>'t:5'>JnXXg*Mabfc^lC. m2CDX5^y/'<Sffl 

[0111] :^mmmx\t. ^mm 1 1 dm 2 ©k r 

^. S'l^O^gS, ■J'XAffi±2;*C7CX yJ^«?^tC:feVi 
T. eiJA«S^7^'-;H^F^©{arM3 1 (3 Iffl^iJB 
©ffi@){c:*HTx:«r(plJc- 3 4 [nm] , y:^^\z- 

2 2 [nm] cdt^^- X I — yaymmAmi^t^ntz, 
[0 112] -yj. «ts±tcj^fS;$nfciei?s/t^>©fi: 
@di^^SigXSCJ;0, mniz^VftJi'^\z^yzf 

piX'mm\zmts:iti>^mm<Dmm^iE>t>ti^-Dft, 

y-:f(D^m\zw-ffu:^f^\z2'A7ixymmw:^^-z>rzt 
^(Dy^±<D&.B^mt>vx^^^, wtmitm^/t 
^'y^mi:-r^rctf>\ziiK^vtzUi>7, h/tiS'xas*^^ 

<D. ^^S3jgXS(C<i:^Cl®|HlSS/tiS'>firg(7)-rnS* 
^tjUTI^^S. 0tt2 0 [mm] :ft<D5^-;/y8 1 F^CD 1 
5 [mm] :ftMiiJ8 2(^tC9XAigi^Sr*i;$-&-5«jBf 
<£SDX bit EIK/'^ 5' >*«iHS * nx t» -5 U T 

[0 113] 0 1 8 tt. ffii^8 2©*'£,>(a:g^^-;/y8 
40 KOcfiL^filSi:— St^r-e-TESL. ®«E8 2<0^ffi&0 
[mm] ^l*^e)2 0 [mm] A^T^^b^-frfc t€r©. 
20 [mm] ^l^-;/7'8 1 CD^'-yT'^itOffJS^C^^^v 

«c8 2©>j-ffiS:^*DLTi»-i.. jiji-e. mm82p^<o± 

IBEIfS A 5' > « X icjtt b TfflW 5 > T > h- X 

$n^J;'5JC, x:^f^ty:^\^iiX'=f-':/y8 Koi^t^m 
O)mtfim±0. 5 [ppm] SS^UTt»S;:<i:*)to*^ 

50 [0 114] **iS0iJT?«. ^1^8 2(DDr^X\tl 5 
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[mm] ^X'$>-:>rz(OX\ x:^(^<D^'y':fmmmmA^- 
0. 6 [ppm] . yl^rl^nW^'i/T^f&^K^d^-O. 9 

[ppm] ^i;stLT. -^T^i^Z-^^XD^yZf^m^ 
miELfz, ti^. #*S$-0. 6 [ppm] lt^y':f± 
^mi 8 [mm] izMiyXmi 1 [nm] (Om^izMfB 

<$CLTVX^^/X^^>X-^S;$tre,«IEUfc. 10 
[0 115] £A±(0j;e)tCbTffiiEbfe-7Xi7/1^'>^ 

[0 1161 SS3SUfcv;;^i7*ffliiTB20lHlgS/'«^> 

*^i 0iHii?s/ii5'>±icafe^t>ii-te^Lfc, te^bit 

M©«^a^t>-&^llffSlgffl±8 0 [nm] £tTT» 

S»fj:Sta^t)-e-iSftT^2(D|Hl8S/t^>*fe¥-r 
^Z-tifi-Q^Tz. 20 
[0 1 17] 6t±OJ:^CbT/t^'>te¥-r5Zltfc<i: 

[0 118] S:Ja^to-ti-^ll^/jN$<Tg-.5c:: 

ata^*pi±-rnfcEBbfc^^!t*tt<^«?>t>^ 

[0 1 19] *^B^o||ig0ij-c^ffl$nSX5^-;/ 30 

[0120] 019 {CST«fc 3 fC, Ttil 131*^ 
SJttt, ^^-f T-f ^>X1 3 2, 3>5^>1J-U>X1 
33. 55- 1 3 4RWf3>?>-y-l/>Xl 3 3^:r|-b 
TVX^' 1 3 6 <&89B^f ^, VX^ 1 3 6±»C«Sifef* 

3 7ifiWLn^nx\>'^^. -77.9 6±fc«id^nfcvx 

>>XA1 3 9±ICg-^$nS. yi*3, •7X^13 6«-7 

48±(C«H$n, ^©+'5tlSi^^>Xl 3 8<D3t«l 

tttiE?StC-(i^^t>-B-;0t;^£$nTt'^-5, -^/X/M 3 9 
«. tt*f^l 4 0±lC«SK«$nTti-5. UM-^IA 
Ott, iS:^U>Xl 3 8ro^«li;6-|6j-rJa:t)%Z*|6l(« 

:&fSi)tcgn!ior«E/izxx->?i 4 i±»c«M$n. $ 

^frxYXT^-v'i 4 2±ic^®;^nTv».5. z;?,T— 

V 1 4 ISt/tXYXx-vl 4 2«. i$iJ0P^ 14 9*^ 

f.®«ijffli^-^iciti:i;T-5-n-en®Ki!i^i5:i 13.11 

Tab's. ■?-©^M«z::^5^->'i 4 HC@3£$nfc5 7 50 
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-14 6CDffigtbT. l^-- tffflfifiKl 4 5TiE«gfC^ 
X5'-$nTVi5>. ';7X/M 3 9©S®ttMtt. 

^. ti-S)SSm»CJEbTZX7=— v 1 4 1 

iilCiO. -^XAl 3 90gE«SJcej^^>Xl 3 8 

[0 12 1] {^±. :*:%Bg#(cJ;oT;^$tXfe^?q*. 

f3i\f^mm\zi5\>'^xm'^^M^mx3ii>z.iii,tioWiX3b 

[0 12 2] 

[0 12 3] 6t±*%§g(cj;n«, y'-^ xh-'>3>m 
T A > s s :i t *«T # . 

[0®<D®mfj:KBJ] 

[01] ^^^gtCj^^VXi'SaitXSSr^-rxgHT-* 

mx$>^. 

[S3] *5S?^tCj;^VXi7/1^>aiE:5S*5^T«S: 

[0 4] :^^m\z^i,-77.if/\^>miE:^mi^rm^ 
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